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Clinical Review

Myelodysplastic Syndromes
DONALD C. DOLL, MD, Columbia, Missouri, and ALAN F LIST, MD, Tucson

The myelodysplastic syndromes are a heterogeneous group of hematopoietic stem cell disorders
characterized by dysplastic and ineffective hematopoiesis and a varying risk of transformation to
acute leukemia. Although the natural history of these syndromes is variable, several factors appear to
be of prognostic importance, including the French-American-British classification, the karyotype, in
vitro colony formation, and others. The pathogenesis of the myelodysplastic syndrome is not known,
but recent evidence suggests that alterations of cellular oncogenes may be a causative factor There
is no standard therapy for myelodysplasia, and thus novel approaches to patient management are
warranted.
(Doll DC, List AF: Myelodysplastic syndromes. West J Med 1989 Aug; 151:161-167)

T he myelodysplastic syndromes are a heterogeneous
group of hematopoietic stem cell disorders character-

ized by ineffective and dysplastic hematopoiesis.1I2 Most pa-
tients are older than 60 years and characteristically have
peripheral cytopenia(s) with a normocellular or hypercel-
lular bone marrow. Leukemic transformation is not un-
common, but even in its absence, a myelodysplastic syn-
drome may be a lethal hematologic disorder with death from
infection and bleeding3 arising from cytopenia or impaired
function of neutrophils4 and platelets.' Although this syn-
drome may occur as a late complication of chemotherapy or
radiotherapy,6 the cause(s) of de novo myelodysplasia re-
mains obscure. The treatment of these syndromes remains
unsatisfactory, but promising new therapeutic regimens have
recently been used in an attempt to restore normal hemato-
poiesis.'

Classification and Diagnosis
Numerous terms have been applied to describe the my-

elodysplastic syndromes, including preleukemia, hematopoi-
etic dysplasia, refractory anemia, refractory normoblastic
anemia, refractory anemia with an excess of myeloblasts,
subacute myeloid leukemia, oligoblastic leukemia, dysmy-
elopoietic syndromes, smoldering leukemia, myeloid dys-
plasia, and primary acquired panmyelopathy with myeloblas-
tosis. Such diverse terminology and a lack ofuniform criteria
for these disorders have resulted in inevitable difficulties in
classification and in predicting the disease outcome. In 1982
the French-American-British (FAB) Cooperative Group ad-
dressed this problem and proposed a morphologic classifica-
tion system encompassing the spectrum of diseases.I As
shown in Table 1, five subtypes of the syndromes have been
described: refractory anemia; refractory anemia with ring
sideroblasts; refractory anemia with an excess ofblast forms;
refractory anemia with an excess of blast forms in transfor-
mation; and chronic myelomonocytic leukemia. Although
several investigators have questioned the need for and va-
lidity of this new scheme, it has enjoyed widespread accep-

tance because of its reproducibility and has been found useful
for comparing studies among different institutions. The re-
sults of several recent studies that have classified their cases
according to this system are given in Table 2.3 8-18 Some
investigators included cases in their analysis associated with
cytotoxic chemotherapy or radiotherapy,8"9'18 and others in-
cluded only patients with de novo myelodysplasia.3'101`
Also, several investigators found it difficult to categorize
particular patients in specific subtypes and noted that transi-
tions and combinations existed in individual patients.9-11'18

The clinical diagnosis of a myelodysplastic syndrome can
often be made by visually inspecting the bone marrow aspi-
rate and peripheral blood smear and detecting various dys-
plastic changes in each hematopoietic lineage. 1,219 The
examination of bone marrow specimens from trephine biop-
sies,20 chromosome analysis,13',`-7,, in vitro hematopoi-
etic stem cell assays,16'23 and flow cytometry24 may provide
additional supportive evidence. Investigating the oncogene
expression at the first clinical signs of the syndrome and
throughout the progression of disease would also be of inter-
est.25 Such specialized investigations may be particularly
useful to confirm the diagnosis in those patients with minimal
hematologic or morphologic changes. Moreover, these tests
may be useful in predicting the clinical outcome (vide infra).

The cytopenia(s) that direct attention to the disorder
should be confirmed as a persistent feature, unassociated
with any other systemic disorder such as renal or hepatic
failure or ethanol abuse. Vitamin B12 and folate deficiency
should be excluded. In addition, a detailed occupational his-
tory for exposure to potential carcinogens and a previous
history of treatment with cytotoxic drugs or radiotherapy
should be elicited.

Clinical and Laboratory Manifestations
The exact incidence of de novo myelodysplasia is un-

known; it is not uncommon in the elderly population, how-
ever. For instance, 174 patients with the syndromes were
seen at the Mayo Clinic during a three-year period. 17 Juneja
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ABBREVIATIONS USED IN TEXT
CSF = colony-stimulating factor
FAB = French-American-British [Cooperative Group]
G6PD = glucose-6-phosphate dehydrogenase

and co-workers saw 118 new cases of these disorders during
a similar time span compared with 126 new cases of acute
myeloid leukemia.10 The myelodysplastic syndromes occur
in a middle-aged to elderly population, with the median age
in most series being about 65. Cases diagnosed before age 50
are uncommon, and there is a male predominance. 1.2.16.19
Most patients are seen because of weakness, fatigue, or

pallor due to anemia. Some patients seek advice because of
bleeding, easy bruising, or infection. Hepatomegaly, spleno-
megaly, and lymphadenopathy are infrequent findings on a

physical examination.
The hematologic abnormalities in these disorders have

been extensively described' 2'82- 1"9 and are summarized in
Table 3. It should be emphasized that such findings are pleo-
morphic and are not in and of themselves diagnostic; they
may be susceptible to subjective interpretation, and other
disorders must be excluded.

Most patients with the syndromes are anemic with an

inappropriately low reticulocyte response. The erythrocytes
are usually normocytic or macrocytic, although patients may
present with microcytosis, hypochromia, and reticulocyto-
sis.26 Anisocytosis, poikilocytosis, basophilic stippling, and
megaloblastoid nucleated erythrocytes may be seen. Such
peripheral blood findings are characteristically associated
with dyserythropoietic features in bone marrow progenitors
with both nuclear and cytoplasmic abnormalities. These may
include erythroid hyperplasia with megaloblastoid features,
nuclear budding, multinucleation, karyorrhexis, and vacu-
olization of the cytoplasm. Ringed sideroblasts can usually
be found in a varying proportion ofnormoblasts. Abnormali-
ties of erythrocyte glycolytic enzymes," increases in hemo-
globin F levels,28 alterations in blood group antigens,29 and
paroxysmal nocturnal hemoglobinuria-like defects30 have
been described. Acquired hemoglobin H disease has also
been noted.3I

Leukopenia, usually due to absolute neutropenia, is

found in about half the patients at the time of diagnosis.
Granulocytes may show reduced segmentation-the pseu-
do-Pelger-Huet abnormality-or reduced or absent granula-
tion. Circulating myelocytes and blast cells may be detected

TABLE 2.-Diagnostic Subtypes of the Myelodysplastic Syndromes
Patients, Refractory

Source No. Anemia RARS CMML RAEB RAEB-T

Gold et al, 1983'6 ............... 34
Juneja et al, 198310 ..... ......... 118
Weisdorf et al, 19833 ....... . . . . . 74
Foucar et al, 19858 ....... ....... 109
Knapp et al, 198515 ..... ......... 167
May et al, 1985" ...... ......... 39
Tncot et al, 198512 ...... ......... 85
Vallespi et al, 19859 ..... ......... 101
Jacobs et al, 198617 ..... ........ 46
Kuriyama et al, 198614 ....... . . . . 50
Yunis et al, 198613 ...... ......... 56
Group Franqais, 198718 ..... ....... 761

Total ..................... 1,640

2 0 10 22
9 43 0 66
30 23 1 9
13 22 11 41
43 38 11 69
9 15 4 9

25 12 11 14
32 15 21 12
14 8 10 9
25 7 8 10
13 13 3 23

131 107 129 329
346 303 219 614

0

0

11
22
6
2

23
21
5
0

4
65
159

CMML=chronic myelomonocytic leukemia, RAEB=refractory anemia with excess blast forms, RAEB-T=refractory anemia with excess
blast forms in transformation, RARS=refractory anemia with ring sideroblasts

TABLE 1.-Classification of the Myelodysplastic Syndromes
Blasts in

FAB Classification Bone Marrow, 96 Other Findings

Refractory anemia (RA) .................. <5 < 1% circulating blast cells
RA with ring sideroblasts .......... ....... < 5 < 19% circulating blast cells; 15% ring sideroblasts in bone marrow
RA with excess blasts ................... 5-20 <5% circulating blasts
Chronic myelomonocytic leukemia ...... .... <20 1 x 109/liter monocytes and promonocytes in peripheral blood
RA with excess blasts in transformation ..... .. 20-30 5% circulating blast cells; Auer rods
FAB= French-American-British

TABLE 3.-Morphologic Abnormalities in Myelodysplastic Syndromes
Lineage Peripheral Blood Bone Marrow

Erythroid ... Macrocytes; ovalocytes; basophilic stippling; nucleated Megaloblastoid erythropoiesis; nuclear budding; multinucleation;
erythrocytes; poikilocytosis and anisocytosis; acanthocytes ringed sideroblasts; karyorrhexis; nuclear fragments; cytoplasmic

vacuolization
Myeloid.. Hypersegmentation; pseudo-Pelger-Hudt anomaly; vacuolization; Defective granulation; partial maturation arrest at myelocyte

paramyeloid cells; abnormal or deficient granulation; nuclear tags stage; increase in monocytoid forms
Megakaryocytic . Agranular or giant platelets Micromegakaryocytes; large mononuclear forms; multiple small

nuclei
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but generally constitute fewer than 5% of the leukocyte dif-
ferential. Auer rods are rare. The neutrophil myeloperoxi-
dase activity is decreased in some patients,4 and there may be
an increase in monocyte-specific esterase.32 Granulocytes
may also show defective phagocytosis, bactericidal activity,
adhesion, and chemotaxis,4 leading to a reduced resistance to
infections. These features may have a common cytogenetic
basis attributable to a partial or complete loss ofchromosome
7.33 Impaired myeloid maturation is readily detected on in-
specting the bone marrow aspirate, which typically shows an
increased percentage ofgranulocytic precursors, and a "mat-
uration arrest" is often noted at the myelocyte stage.

Thrombocytopenia is seen in about 50% of patients with
the myelodysplastic syndromes, and the platelets may be
abnormal in both morphologic features and function. Ab-
normal megakaryocytes, including micromegakaryocytes,
large mononuclear forms, and megakaryocytes with multiple
small nuclei, are common bone marrow findings.1l14 Indeed,
Kuriyama and associates suggested that micromegakaryo-
cytes detected in the marrow coupled with pseudo-Pelger-
Huet anomalies in the peripheral blood smear represent the
most specific features supporting the diagnosis of the
syndrome. 14

The lymphoid system may also be affected in patients
with these syndromes, and it has been shown that the ab-
normal cells may be derived from the same clone as the
pathologic erythroid and myeloid cells.34 Lymphopenia with
a reduced number of T-helper cells has been reported.35 Nat-
ural killer cells may be reduced in number, and there may be
an inadequate production of interferon and a failure of nat-
ural killer cells to respond to interferon. Abnormalities ofT-
and B-cell function have been noted.36 Lastly, a high inci-
dence of immunologic abnormalities such as monoclonal
gammopathy and autoantibodies37 and coexistent lymphoid
or plasma cell neoplasms have been shown in these pa-
tients.38

Cytogenetic Abnormalities
Using standard techniques of karyotype analysis, clonal

chromosomal aberrations have been detected in about a third
to half of patients with de novo myelodysplasia.3'12'15-17'21
Using refined chromosome banding techniques, however,
Yunis and colleagues reported that 73% of patients with
these syndromes had a cytogenetic defect.13'39 Moreover,
these identified prognostic subgroups ofthe disorder. 13'39

The chromosome abnormalities follow a nonrandom pat-
tern and are similar to those found in treatment-induced
acute myelogenous leukemia.21 The abnormal clone can re-
place normal hematopoiesis partially or completely. As
shown in Table 4, the most frequent cytogenetic abnormali-
ties in the myelodysplastic syndromes involve structural or
numeric abnormalities of chromosomes 5 and 7 and trisomy
8.21 Other findings include a reduplication ofchromosome 9,
expressed + 9, 21 (+ 21), or the long arm ofchromosome 1;
a deletion ofchromosome 20 (-20); and an isochromosome
17 (i17). Complex chromosomal abnormalities occur in
some patients and are more frequent in secondary myelodys-
plasia.39'40 Such cytogenetic findings support the notion that
these syndromes are clonal in nature. It is noteworthy that
certain chromosomal abnormalities found in acute myelo-
cytic leukemia are rarely found in the myelodysplastic syn-
dromes, suggesting that in patients with these aberrations,
the disease did not develop from preexisting myelodysplasia.

These include the 8:21 translocation often found with type
M2 of the FAB classification, translocation (15:17) associ-
ated with acute promyelocytic leukemia, and translocation
(9:22) ofchronic granulocytic leukemia.

Chromosome abnormalities in patients with the myelo-
dysplastic syndromes may be associated with a shortened
survival and an increased risk of evolving to acute leuke-
mia. 13.6,17,22.39 Although new clonal karyotypic abnormali-
ties have emerged in association with an increase in the
percentage of blasts in the bone marrow on leukemic pro-
gression,22 most patients with these syndromes do not show
chromosome abnormalities at the time of transformation to
overt acute myelocytic leukemia.22 Of note is that specific
cytogenetic changes, such as deletion in the long arm of
chromosome 5 (Sq-),41 or monosomy 7 (_7),42 may be
associated with distinct clinicopathologic syndromes.
Whether chromosome abnormalities are involved in the
pathogenesis ofmyelodysplasia remains to be elucidated.

Pathogenesis
Although the cause(s) of the myelodysplastic syndromes

is unknown, evidence from cytogenetic studies21 and
glucose-6-phosphate dehydrogenase (G6PD) isoenzyme
analyses34'43 indicates that they are clonal disorders ofplurip-
otent stem cells. G6PD studies have shown that Epstein-Barr
virus-transformed B lymphoblastoid lines, derived from a

patient with the syndrome, showed restricted G6PD isoen-
zyme expression.43 Similarly, Prchal and co-workers found

that T and B lymphocytes from a patient with idiopathic
sideroblastic anemia were derived from the same clone as the
myeloid elements.34 Further support for the involvement of
the pluripotent stem cell is provided by reports of myelodys-
plasia evolving to acute lymphoblastic44 or acute leukemia
showing mixed lymphoid-myeloid features.45

Raskind and associates suggested that the myelodys-
plastic syndromes arise by a multistep process. They pro-
posed that at least two events are involved in their pathogen-
esis, one promoting proliferation of a clone of genetically
unstable pluripotent stem cells and another inducing chro-
mosomal abnormalities in its descendants.43 This sequence
would explain the abrupt evolution to acute leukemia in pa-
tients after a prolonged period of apparent hematologic sta-
bility.
A multistage mechanism for inducing malignancy has

been shown for various tumors in many species, and onco-

genes may have an important role in the process.46 In the
mouse embryo fibroblast cell line, for example, the ras onco-

gene is unable to transform fibroblasts unless they have first
entered a proliferative state. If, however, both the C-myc and
ras oncogenes are transfected together, a malignant transfor-
mation results.47 Thus, single insults by themselves do not

TABLE 4.-Frequent Chromosome Abnormalities in
Myelodysplastic Syndromes*

Chromosome Abnormality Incidence, 96

-5/5q- 10-20
-7/7q- 15-25
+8 15-20

20q- 7-10
q represents the long arm of a chromosome, + represents a duplication of a

chromosome or chromosome segment, and - represents a deletion of a chromosome
or chromosome segment.
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produce a malignant transformation, but a succession oftwo
events may.46

Although the significance of chromosomal changes in
malignant cells is still not fully understood, there is in-
creasing evidence that chromosomal rearrangements are in-
strumental in activating cellular oncogenes.48 As noted
earlier, karyotypic aberrations are frequent in the myelodys-
plastic syndromes and most commonly involve chromo-
somes 5, 7, and 8. Chromosome 5 carries two known onco-
genes, c-fos and c-fins, on its long arm; chromosome 7
contains the oncogene erb,,; and chromosome 8, c-myc.49
Furthermore, three oncogenes-ras, myc, and fos-have
been directly implicated in growth factor-mediated signaling
mechanisms,50 and, as suggested by Duel and Huang,"1 any
genes that code for proteins influencing the cellular response
to growth factors represent potential oncogenes. Abnormali-
ties in the expression of these genes, whether resulting from
deletion, duplication, abnormal activation, suppression, or
mutation, can result in a change in the control of prolifera-
tion, which may contribute to the malignant process. Indeed,
an activated N-ras oncogene in patients with deletion of the
long arm of chromosome 5 has been shown during a leu-
kemic progression from myelodysplasia.52

Thus, an initiating event may be speculated in these syn-
dromes, perhaps activation of a cellular oncogene, that trig-
gers the proliferation of an abnormal clone. The expanding
clone may become immortalized by the loss of normal con-
trol mechanisms governing the synthesis of DNA or au-
tonomy from normal growth inhibitory factors (or both).
Results of in vitro studies indicate that the malignant clone
may also inhibit normal hematopoiesis. Depending on the
genetic instability and proliferative capabilities of the clone,
myelodysplasia may progress to overt acute myelocytic leu-
kemia. The role of oncogenes, antioncogenes, growth fac-
tors, chromosomal aberrations, and stromal cells in the
pathogenesis ofthese disorders needs further evaluation.

Management
The treatment of the myelodysplastic syndromes has in

general been disappointing. Most patients with these disor-
ders are elderly and may have other morbid medical prob-
lems that complicate therapeutic decisions. Because these
syndromes comprise a heterogeneous group of disorders
with varying clinical courses, a period of observation with
close monitoring of blood cell counts and sequential marrow
examinations is the mainstay of the initial management.
Some patients, particularly those with refractory anemia or
refractory anemia with ring sideroblasts, may have an indo-
lent course, and no treatment may be required. Other pa-
tients may require blood transfusions to alleviate the symp-
toms ofanemia or antibiotics for internal infection. For those
patients who have an aggressive clinical course, however,
more intensive therapy should be considered.

Despite evidence ofmegaloblastosis, initial supplementa-
tion with vitamin B12 or folic acid is generally not beneficial.
Although a subset of patients with sideroblastic anemia may
respond to the administration of pyridoxine hydrochloride or
pyridoxal-5-phosphate,53 most patients show no improve-
ment. Nevertheless, a therapeutic trial ofpyridoxine, 300 mg
daily, should be considered in patients with sideroblastic
anemia. Similarly, corticosteroid therapy is not useful in
most patients, although in vitro cortisol-enhanced colony
growth may identify a small subset of patients who might

benefit from such therapy."4 In view of their possible added
toxicity and the low frequency of response, corticosteroids
should not be used as empiric therapy.

The use of androgens has also proved ineffective in these
patients.55 Danazol, a synthetic attenuated androgen, has re-
cently been reported to have activity in patients occasionally
seen who have this syndrome and concomitant immune
thrombocytopenia or hemolysis.56 In the usual patient with a
myelodysplastic syndrome who has marrow dysfunction, we
and others have not found this agent to be useful.57'8

13-cis-Retinoic acid, a stereoisomer of retinoic acid, has
also been used in patients with this syndrome.59-63 In vitro
studies have shown that retinoic acid inhibits tumor cell
growth and also induces differentiation in various tumor cell
lines,64 including the human promyelocytic leukemia cell
line HL-60.65 Retinoids stimulate the growth of normal ery-
throid progenitors in vitro and increase granulopoiesis.65
Based on these findings, several uncontrolled clinical trials
using 13-cis-retinoic acid in these patients have been report-
ed.59-62 In general, the studies have shown a low response
rate, and all responses were partial, of short duration, and
accompanied by moderate dermatologic or hepatic toxici-
ty.59-62 Moreover, the drug had to be given for at least three
weeks and sometimes several months before a response was
seen. Recently a randomized study comparing the use of
13-cis-retinoic acid with placebo in patients with this dis-
order showed no beneficial effect.63 Hence, cis-retinoic acid
is not recommended for routine clinical practice. The effi-
cacy ofother retinoids with less toxicity merits evaluation.

Intensive cytotoxic treatment, such as that used in cases
of acute leukemia, has also been employed partially in pa-
tients with high-risk subtypes, such as refractory anemia
with excess blast forms, with blast forms in transformation,
and chronic myelomonocytic leukemia.66 The regimens used
varied, but most included cytarabine (cytosine arabinoside)
hydrochloride and an anthracycline. The response rate
ranged from 15% to 53%, with complete remission seen
primarily in those patients younger than 50 years.66'67 In the
series reported by Tricot and Boogaerts, six of seven patients
younger than 50 years achieved complete remission com-
pared with only two ofeight patients in the older age group. 67
Of note is that all eight patients had a completely normal
karyotype at the time of complete bone marrow remission.
Thus aggressive combination chemotherapy may be of value
in younger patients with specific subtypes of primary my-
elodysplasia. Whether such therapy has a significant impact
on the survival ofthese patients has not yet been determined.

Most recently, several investigators have used low doses
of cytarabine in the treatment of these syndromes.68"71 The
dosages ranged from 5 to 20 mg per m2 ofbody surface daily
by continuous intravenous infusion or subcutaneous injec-
tion. Although notable responses were recorded in approxi-
mately 60% of patients, they were generally partial and of
short duration, usually not exceeding five months. Second
and third responses may be achieved with the same regimen
after an initial relapse.68 Even with low-dose regimens, how-
ever, toxicity was substantial, with about 50% of patients
experiencing a major complication, such as sepsis or hemor-
rhage.

Whether low-dose cytarabine acts by inducing cellular
differentiation or by a cytototoxic mechanism is controver-
sial.72 When an abnormal clone can be identified by cytoge-
netic studies, treatment with low-dose cytarabine (ara-C)
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results in suppression of this clone rather than maturation,73
suggesting that a response is achieved primarily by a cyto-
toxic effect rather than differentiation. Any advantage of
low-dose ara-C over standard-dose cytarabine regimens re-
mains to be determined. In light of its considerable toxicity
and short duration of response, the use of low-dose ara-C
cannot be recommended for routine clinical practice. 74

Additional therapeutic methods that merit consideration
in the treatment of these syndromes include bone marrow
transplantation,75 azacitidine (5-azacytidine), biologic re-
sponse modifiers,76 vitamin D3 , haem arginate,78 and colo-
ny-stimulating factors (CSFs).79 The recent cloning of CSFs
has made large amounts of the purified protein available for
investigational use.80'81 Preliminary results suggest that
granulocyte CSFs can induce the differentiation of myeloid
leukemia cells in vitro81 and that infusing human granulo-
cyte-macrophage CSFs into primates stimulates a pro-
nounced leukocytosis and reticulocytosis.82 A phase I study
using recombinant granulocyte-macrophage CSFs in patients
with the myelodysplastic syndromes showed short-term im-
provement in hematologic variables in some patients.83 Fu-
ture trials in these syndromes should evaluate combinations
of differentiating agents with cytotoxic drugs, interferons,
tumor necrosis factor, and colony-stimulating factors.84-89

Course and Prognosis
The natural history of this disorder varies widely, with

some patients having an indolent clinical course, whereas
others will succumb during the first year.3'9'12 Although acute
leukemia will eventually develop in a substantial portion of
patients (12% to 38%), an even larger percentage (30% to
63%) will succumb to complications resulting from bone
marrow failure.3'12 In rare cases, myelodysplasia will termi-
nate in acute myelofibrosis10 or in a syndrome simulating
malignant histiocytosis.90

Several factors have been reported to influence the prog-
nosis in these syndromes. The FAB classification appears to
be the most important prognostic marker. For example, con-
comitant neutropenia, thrombocytopenia, or both are less
prevalent in patients with refractory anemia with ring sid-
eroblasts, and the disease seldom evolves into acute leu-
kemia. The median survival in patients with this subtype
generally exceeds 60 months.8'1291 In contrast, chronic my-
elomonocytic leukemia is associated with a poor prognosis,
with a median survival of about 18 months.91'92 For the other
three subtypes, the rising marrow blast-cell number is associ-
ated with an increased mortality and a heightened risk of
leukemic transformation.8-13'91'93 Hence, the median sur-
vival for these disorders ranges from greater than 30 months
in refractory anemia, to 11 months in refractory anemia with
an excess of blast forms, and 5 months in refractory anemia
with an excess ofblast forms in transformation.8-13'91

According to most investigators, karyotypic findings pro-
vide an additional prognostic measure.13' 5-1739,93 An ab-
normal karyotype, in particular complex chromosome ab-
normalities, confers a higher risk of leukemic evolution and
therefore a shorter survival.13'15-1739'93 In this regard, Yunis
and colleagues recently proposed prognostic subgroups of
the myelodysplastic syndromes based on cytogenetic find-
ings.39 They reported that patients with a normal karyotype
or isolated monosomy 5 had a relatively favorable prognosis.
In contrast, patients with trisomy 8, monosomy 7, or com-
plex defects had a poor prognosis. In addition to karyotype

analysis, determining the DNA content ofbone marrow cells
by flow cytometry may also yield important prognostic infor-
mation.24
A third discriminatory factor is based on the peripheral

blood findings, with multilineage defects associated with a
poor prognosis.''310,12,91,93 Mufti and co-workers suggested
a scoring system for predicting disease outcome.91 A score of
1 is assigned for each of the following presenting features:
bone marrow blasts of more than 0.05 (5%), platelets of less
than 100 x 109 per liter (100,000 per p1l), neutrophils of less
than 2.5 x 109 per liter (2,500 per 1l), and hemoglobin less
than 6.21 mmol per liter (10 grams per dl). Patients with a
score of 4 had a median survival of only 8.5 months, those
with a score of 0 or 1 had a median survival of 62 months,
and those with a score of 2 or 3 had a median survival of 22
months. Other investigators have also proposed a scoring
system for these disorders. 94'95

Another prognostic factor is the in vitro myeloid growth
pattern. Patients with nonleukemic in vitro growth patterns
have a 21 % to 40% incidence of transformation to acute
leukemia and a median survival of 9 to 50 months. In con-
trast, persons with leukemic growth patterns have had a 50%
to 80% incidence of transformation and 5 to 10 months'
median survival.23 There is no correlation of in vitro growth
patterns with the FAB classification.

Other factors that have been reported to adversely affect
survival include a high percentage of abnormal meta-
phases,16 the presence of large clusters or an inability to
culture granulocyte-macrophage colonies,36'93 the number of
ringed sideroblasts,96 and the central clustering of immature
myeloid precursors in the bone marrow matrix rather than
adhering to the endosteal surface.97 Such prognostic factors
should be considered in choosing therapy for patients with
the myelodysplastic syndromes.
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Pediatric Fluid Loss
ONE PRETTY GOOD SIGN of how sick children are happens to be their capillary refill. We all
know about capillary refill in a child. You squeeze a thumbnail and you say "capillary refill,"
and by the time you've said the last "1," the fingernail should be red again. If you press the
fingernail, release it, say "capillary refill" and it's still white, this child probably has a very
low blood pressure level and is verging on shock. So, always press on the child's fingernail
when you are trying to estimate fluid loss.

-WILLIS A. WINGERT, MD
Extracted from Audio-Digest Family Practice, Vol. 36, No. 41, in the Audio-
Digest Foundation's series of tape-recorded programs. For subscription informa-
tion: 1577 E Chevy Chase Dr, Glendale, CA 91206
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